ABSTRACT
INTRODUCTION
The world population is aging. People aged 65 or above accounted for 8.27% of the world's total population in 2015 [1] . This percentage is projected to increase up to 14% by 2040 [2, 3] . With the aging of population, issues in life quality of the elderly are of great concern. Compared with working-age people who had been primarily concerned in previous studies, the elderly have put the distinct requirements on transportation systems, due to their deteriorating psychological and physical functions, smaller financial resources as well as more leisure time [4, 5] . Meeting the special travel demands of the elderly can increase their activity participation rates. High activity participation rates are always an indicator of the better quality of life [6] . As a result, investigating the travel demands among the elderly can help to improve their quality of life and eventually avoid social exclusion [7] .
It is found that the elderly in Western counties become more and more dependent on private cars [7] [8] [9] [10] [11] , and this dependence is much higher among the elderly who own private cars [12] . However, for the elderly in Beijing, the capital of China, only 1.58% of their trips are performed by private cars [13] . This is probably because the urban motorization in China has just started, and the car ownership of the elderly at present is relatively low. But as the urbanization and motorization continuously advance, the travel characteristics of the elderly in Beijing will change dramatically. It is often believed that the future elderly in Beijing will become increasingly dependent on private cars, and the aim of this paper is to test this prediction from two aspects: car ownership and mode choice behaviours of the future elderly.
The existing studies have shown that lots of factors influence the mode choice behaviours of the elderly, such as personal characteristics, accessibility of public transport, neighbourhood, environment, land-use, etc. Kim and Ulfarsson [14] investigated the mode choice behaviours of the elderly in Washington State. They found that income and car ownership are positively associated with the elderly's propensities to drive a car, but negatively related with their propensities to use public transport. Later, this finding was confirmed by the study of Schmöcker et al. [12] which investigated the shopping trips of the elderly in London. Moniruzzaman et al. [15] , using data from 2008 Montreal's Household Travel Survey, found that the elderly with the lowest income are more likely to make their trips by walking. Furthermore, other studies pointed out that the effect of the bus service frequency is not
Ordered logit model
In the ordered logit model, the decision processes that an individual faces are ordinal (e.g. how many private cars should I own after the age of 65?), and the alternative number of private cars is assumed to be associated with a latent utility which is divided as
where U n denotes the latent utility of individual n; X n denotes a vector of personal characteristics; V n is the systematic component; b means the vector of the corresponding coefficients which have to be estimated; f n is the error term which captures all unobserved factors. Here, the error term f n is assumed to follow logistic distribution [19] . Thus the assumption of independent errors for each alternative in the logit model does not hold here, and the car ownership decision is made by individual n as follows: -If U n <u 1 , then individual n intends to own no car after the age of 65 -If u 1 <U n <u 2 , then individual n intends to own one car after the age of 65 -If U n >u 2 , then individual n intends to own two or more cars after the age of 65. Here, u 1 , u 2 are cutoffs and u 1 <u 2 .
MNL model
The influencing factors of mode choice are analysed based on an MNL model. In the MNL model, an individual is always assumed to choose a transport mode with the maximum utility. Generally, people who intend to own private cars are more likely to perform their trips by driving after the age of 65; therefore, the utility of owning private cars after the age of 65 U n should be considered here. Consequently, the utility of transport mode i is described as
where U in is the utility of transport mode i for individual n; Z i denotes the vector of attributes of transport mode i; thus, it varies across the alternatives; X n is defined above; f(U n ) is the function of U n ; w and i are the vectors of coefficients to be estimated; a denotes the coefficient of f(U n ). Generally speaking, owning private cars can greatly benefit the elderly over the age of 65; thus, function f(U n ) should be positive. Furthermore, the increase in the number of household cars can lead to a big increase in the probability of driving. As a result, an exponential function is introduced in the utility function. According to Equation 1 , U n is a random variable, and then function f(U n ) should be written as
significant, but the bus stop density has a significant influence on the share of public transport [12, 16] . Su et al. [17] , concentrating on the mode choices of the elderly before and after shopping, found that travel cost of driving are negatively associated with the elderly's propensities of driving a car. By comparing the individual's travel behaviour between the elderly and people aged 19~60, Zhang et al. [13] found that the differences between them increase with the age of the elderly. Clearly, the existing studies mainly focused on the revealed mode choice behaviours among the elderly, but a comprehensive investigation on their travel demands is relatively scarce. Since an individual's travel behaviour is always affected by transportation systems, differences often exist between the revealed travel behaviours and their demands. Furthermore, little attention has been paid to the travel demands of the future elderly so far, which are important references for allocating limited transportation resources and formulating proper transport policies. As information about the travel demands of the future elderly are not available, this paper investigates the car ownership and mode choices of the future elderly, based on the data coming from a stated preference (SP) survey of the current young and middle-aged people. Previous studies have shown that shopping is the most frequent activity of the elderly [17] ; thus the focus of this paper is on the mode choices for shopping trips. This paper tries to deepen the understanding of the travel behaviours of the elderly and related influencing factors, which are helpful to construct better transportation systems and policies, to reduce social exclusion and to increase the social welfare. Therefore, the task of this paper is important for both the elderly and the society.
METHODOLOGY

SP survey
The SP survey, known as a discrete choice experiment, can collect data about behavioural responses to choice situations that do not exist on the current real market [18] . This method is widely used to analyse the preferences and/or anticipated choice behaviours in transportation. As revealed preference (RP) data are not available when modelling the choice behaviours of the future elderly, this paper relies on an SP survey to collect data about car ownership and mode choice behaviours among the future elderly.
Obviously, the outcome variable of the car ownership among the future elderly is discrete and ordinal; therefore, it is more appropriate to employ the ordered logit model. With regard to mode choice behaviours of the future elderly, the choice set consists of more than two alternatives, and the multinomial logit (MNL) model is used. in this paper. Transport modes included driving a car, public transport, taxis with Dial-a-Ride service, and others such as bicycle, car passenger, etc. Influencing variables consisted of parking fees, access time to bus stops, and waiting time for taxis. Each variable had 3 levels. Table 1 shows the influencing variables and the corresponding levels. An orthogonal design was used, and there were 9 scenarios altogether in this part (T=9).
The third part was about personal characteristics (e.g. age, gender, marital status, educational background, driving license, number of private cars, monthly income, etc.). Due to the relationship between the attitudes towards each transport mode and mode choice behaviours [20] , the information about the attitudes towards public transport services and driving were also collected in this part. The attitudes towards public transport services included two aspects: (a) satisfaction with the local public transport; and (b) convenience of local public transport. The alternatives used a five-point Likert-type scale from 'strongly dissatisfied/inconvenient' (1 point) to 'strongly satisfied/ convenient' (5 points). The attitudes towards driving included four aspects: (a) liking to drive; (b) driving a car is a relatively safe mode of transport; (c) driving a car is a convenient and free mode of transport; and (d) driving is tiring. Respondents were asked to assess by using a five-point scale from 'strongly disagree' (1 point) to 'strongly agree' (5 points). A total of 1,097 respondents answered this questionnaire in about three weeks. Generally, the work and life status of people under the age of 30 are mostly not "steady"; therefore, to avoid unreliability of the results, only respondents aged 30 or above were taken into consideration here. Finally, after removing uncompleted questionnaires, 853 valid ones were used for further analysis (N=853). Table 2 presents the descriptive statistics for some key variables in the questionnaires. It can be seen that 92.5% of respondents intend to own private cars after the age of 65, although the car ownership of the elderly is very low in Beijing at present. The percentages of male and female respondents are 51.8% and 48.2%, respectively. This gender ratio is approximately equal to the results of the sixth national population census in 2010 which shows that males account for 51.6% of residents in Beijing [21] . It is implied that the sample is representative to a certain degree.
where E[U n ] means the expected value of U n . It is assumed that f n in Equation 1 follows the logistic distribution. Thus, the expected value of U n equals V n , that is,
Here, f in denotes the IID error term which varies across the alternatives and individuals. The error term f in is assumed to follow type I extreme value (Gumbel) distribution.
Consequently, the probability that individual n chooses mode i is given by 
where J denotes the choice set.
SURVEY AND DATA
In order to investigate the travel demands of the future elderly, an SP survey was conducted in Beijing. Beijing is China's political, cultural, industrial and financial centre covering a land area of 16,410.54 km 2 and with 21.7 million inhabitants. In 2015, the percentage of the population aged 65 or above reached up to 10.3%. The transportation system in Beijing is much more perfect and advanced than in most other cities in China; thus, the transport policies applied for the aging society in Beijing will provide a strong demonstration effect to other cities.
The future elderly are mostly young and middle-aged people at present. Therefore, residents aged 18 years or above in Beijing are selected as the objects of this survey. The survey was conducted through the website wjx.sojump.com (SOJNMP) which is a professional online survey site. SOJNMP has been chosen for two reasons. Firstly, with steady increase of the network users, web-based survey becomes convenient and efficient. The site of SOJNMP can be visited via a computer, mobile phone or other information terminals. Secondly, SOJNMP possesses around 2.6 million volunteer respondents. According to the request of each survey, SOJNMP can randomly pick up the samples who meet the requirements from its respondent database and invite them to participate in the corresponding survey.
The questionnaire consisted of three parts. The first part investigated the Willingness of Car Ownership at household level after they are 65 years old (WCO65years). Respondents were asked how many private cars they intend to own at a household level after the age of 65. Three alternatives could be selected: no car, one car and two or more cars.
The second part was designed to investigate the travel demands after the age of 65, such as trip purposes, trip generation rates, departure time, and transport modes for different purposes. Only the modes for shopping trips over 3 km were taken into consideration The final estimation result is shown in Figure 1 . Nearly half of the respondents' pensions are between RMB 4,000 and 6,000.
Furthermore, Table 3 shows descriptive statistics for attitudes towards different transport mode. It is clear that the respondents have a greater appreciation of local public transport, especially about the convenience of local public transport. But only 64 respondents stated that they would not own any private car when they are older than 65, and most of them prefer to own private cars after the age of 65. This may be attributed to two reasons. One is the special demands of the elderly which local public transport at present Pension is generally the most important income source of the elderly. Thus, this variable should be considered. The pension is determined based on the accumulate payment time, payment wage, local worker average wage, amount of the individual account, etc. Here, the future pension of each respondent was estimated based on the following three hypotheses: 1) The payment wage of each respondent is equal to the mean of their income range. 2) The local worker average wage takes the average wage of Beijing worker in 2015 [22] . 3) The accumulate payment time of all respondents are the same and equal to 40 years. used. It can be seen that there is no significant difference among people below the age of 45, but a significant difference emerges between people aged 30~34 and those aged 45 or above. Specifically, the effect of change in age on the probabilities to own private cars after the age of 65 is shown in Figure 2 . With the increase of age, people's propensities to own no car or one private car after the age of 65 increase significantly, particularly for people who are aged 50 or above. However, their propensities to own two or more cars decrease dramatically. It means that all the people have higher propensities to own private cars after the age of 65. The younger the people are, the more likely they are to own private cars after the age of 65. In addition, the relationships with the number of household cars at present and pension income are estimated (see Table 5 ). Increase of the number of household cars will result in an increase in WCO-65years. Probably because it is not possible for people who own private cars at present to give up their cars after the age of 65, due to the higher depreciation and convenience of cars. Moreover, people with higher pension income have higher propensities to own private cars after the age of 65. But there is no significant difference between those with pension income less than 8,000. It is implied that RMB 8,000 is a cut-off point, and as long as the residents in Beijing have pension income above 8,000 in the future, they have relatively higher propensities to own private cars after the age of 65.
is unable to satisfy. This will be demonstrated further in the next Section. The other is associated with their preference for private cars. As shown in Table 3 , they have a much greater appreciation for driving a car, except for (d) driving is tiring.
Finally, the questionnaire's reliability and validity analysis were conducted with SPSS. The Cronbach's alpha coefficient is 0.709, which confirms the internal consistency of this questionnaire. The Kaiser-Meyer-Olkin value is 0.702, which demonstrates that this questionnaire is of good structure validity. The results show that the questionnaire designed in this study has acceptable reliability and validity.
ESTIMATION RESULTS
Ordered logit model for Car ownership of the future elderly
It is already revealed that most respondents intend to own private cars after they are 65 years old. But the underlying factors that influence their willingness remain to be investigated. To this end, an ordered logit model has been used to analyse the influencing factors on car ownership of the future elderly. Table 4 shows the relationship between WCO65years and age. Here, the 95% confidence level (t>0.05) which corresponds to t-statistics of 1.96 is 
where CE age denotes the combined effect of each age group; Parameters b age and i age are the coefficients in car ownership model and mode choice model, respectively. The results are shown in Table 8 .
It is clear that people aged 50~54 have the highest propensities to make use of cars after the age of 65. This may be explained by the fact that these groups have just experienced the rapid growth of the urban motorization. Compared with people below the age of 50, their novelty of driving will not wear off when they are older than 65. In comparison to those aged 55 or above, they have relatively healthier bodies. Therefore, people aged 50~54 are more likely to perform their trips by driving after the age of 65. It means that about ten years later the elderly in Beijing will become very dependent on private cars. For those below the age of 50, younger people are more likely to make use of private cars after the age of 65. Besides, in contrast to driving a car, people aged 40~44 prefer to make use of taxis after the age of 65.
The influences of gender, marital status, educational background, housing location and income are also significant. Gender has the indirect and positive effect on driving a car. Men are more likely to make use of private cars after the age of 65, and they have lower propensities to take taxis. Consistent with the relationship between WCO-65years and education, people who are highly educated have higher propensities to drive a car after the age of 65. Housing location significantly influences the propensity to make use of public transport or taxis, and people who live near the urban centre are more likely to perform their trips by public transport or taxis after the age of 65. It also implies that people who live near the urban centre have lower propensities to drive a car after the age of 65, because the sum of all mode choice probabilities should be 100%. As expected, people with higher income have relatively higher propensities to make their trips by driving or taxis. Furthermore, people who have a driving license prefer to make use of private cars after the age of 65. In addition, the utility of WCO-65years has a positive and significant effect on the propensity of driving.
It can be seen that the attitudes towards each transport mode significantly influence the mode choice behaviours of the future elderly. In order to check whether the current model is reasonable and reliable, the five-point Likert-type scale for the attitudes towards each transport mode is simplified into the three-point Other influencing factors are also investigated respectively (see Table 6 ). Compared with women, men have higher propensities to own private cars after the age of 65. People with higher educational degree are more likely to own private cars after the age of 65. This may be due to higher trip generation rates of highly educated people [23, 24] , because owning private cars is always convenient for travelling.
In conclusion, the analysis above has revealed that age produces a significant effect on WCO-65years, and the elderly of the future have higher propensities to own private cars. In addition, it has been also found that pension income, gender, education and car ownership at present are the significant factors that influence WCO-65years. Consequently, the final ordered logit model for WCO-65years should be built with these variables.
MNL model for Mode choices of the future elderly
As analysed above, the future elderly in Beijing have higher propensities to own private cars. Then their car usage is investigated based on an MNL model. Obviously, U n is considered as a variable influencing the mode choices of the future elderly. Therefore, the estimation should take a two-phase approach: the estimation of the ordered logit model for the car ownership, and the estimation of the MNL model for the mode choice behaviours. Here, the maximum-likelihood procedure is applied and the results are presented in Table 7 . In the MNL model, no attribute or characteristic is included in the alternative "others", and its utility equals zero. Finally, all the variables with lower than 5% significance level are retained. A few of variables with significance levels higher than 5% are also retained due to the expected sign and their importance to transport policies.
As expected, parking fees, access time to bus stops and waiting time for taxis have significant and negative effects. Among them, parking fees have a greater effect on the mode choices of the future elderly. It is implied that in comparison with time, the future elderly seem to care more about travel cost.
Age is statistically significant. It is clear that age has not only direct effect on the propensity to drive a car after the age of 65, but also the indirect influence on it by affecting WCO-65years. Compared with those aged 30~34, the combined effects of other age groups can be calculated as preference for driving of individual n can be expressed as P n (B|A), and the reliability in the stated preference for not-driving equals P n (B|Ā). Here Ā means "not A", and so does B. Consequently, according to the whole probability formula, the predicted probability of choosing driving actually after the age of 65, or the probability of driving for short, is obtained as
where P n is the probability of driving of individual n; P n (A) is the probability of the event A which can be calculated by Equation 4 . Generally, the younger the individual is, the lower becomes the reliability in their statements. Here, it is assumed that the reliability drops by q for every five years decreased from the individual's age. As a result, let P(B|A) and P(B|Ā) for an individual aged 55 or above equal p 1 and p 2 , respectively, and then for an individual aged 50~54, these two reliabilities can be calculated as:
Similarly, the reliabilities for other age groups can be obtained with a recursive method.
Assuming all the variables in the MNL model expected age are fixed (Parking fees are RMB 5/h, access time to bus stops is 5 minutes, waiting time for taxis equals 20 minutes, male, single, pension income is RMB 4,000~8,000, bachelor degree, housing location is B2~5R, holding a driving license, household car number is one, satisfied with local public, like driving, and agree with other two attitudes towards driving), the probability of driving with different p 1 , p 2 and q is presented in Figure 3 . It is clear that although parameters p 1 , p 2 and q have significant effects on the probability of driving among the future elderly, the relationship between the probability of driving and age does not change much, and younger people have higher propensities to make use of private cars after the age of 65.
DICUSSION AND CONCLUSION
With the increase of the elderly in the world, considerable attention has been given to the travel behaviours of the elderly. However, the studies about the travel demands among the elderly, especially the future elderly, are relatively scarce. To fill this research gap and get insight into the travel demands of the elderly, this paper investigates the car ownership and usage of the future elderly by surveying the young and Likert-type scale. With respect to the attitudes towards public transport, improving local public transport services and raising passengers' satisfaction influence positively the propensity to make use of public transport.
Compared with the reference group who are neutral with the attitude that driving is a relatively safe mode of transport, people who agree with this attitude are more likely to perform their trips by driving after the age of 65. On the contrary, people who disagree with this attitude have lower propensities to drive a car. Meanwhile, the former effect is more than two times greater than the latter. This means that the improvement in the driving safety can attract a large number of the future elderly, but deterioration in the driving safety may not significantly reduce people's propensities to make use of driving after the age of 65.
In conclusion, the future elderly in Beijing will depend more on driving a car. But the improvement of local public transport services can be helpful to increase the future elderly's propensities to make use of public transport. And deterioration in the driving safety may not reduce significantly their propensities to drive a car.
EFFECT OF UNCERTAINTY
When the coefficients in the MNL model have been estimated, the probability of each transport mode can be calculated according to Equation 4 . Since the statements of the current young and middle-aged residents in Beijing may not fully reflect their actual behaviours when they are older than 65, uncertainty exits in their statements, especially for younger people. Consequently, the final probability should be calculated by considering this uncertainty.
In order to characterize the uncertainty in the statements of respondents, the concept of reliability is introduced. Here, the reliability in the stated preference for mode i is defined as the conditional probability of an event that individual n chooses mode i actually when they are older than 65, given that the individual stated they would choose mode i after the age of 65. Since car dependence of the future elderly is investigated in this paper, only the driving is taken into consideration here. Let A be the event that individual n stated they would choose driving after the age of 65, and B denote that individual n chooses driving actually after the age of 65. Then the reliability in the stated manufacturers are trying to design and provide advanced cars (cars with driver assistance system, autonomous vehicles, etc.) for the elderly drivers [27] . Furthermore, the rules and regulations about how the elderly drivers renew their licenses as well as how the elderly apply for driving licenses, should be established and improved. In addition, the future elderly are heterogeneous in their travel demands. Although they become more dependent on private cars, certain sub-groups may prefer other transport modes. Therefore, in order to alleviate traffic congestion, alternatives to driving should be provided. The high-service public transport that offers discounted fares to the elderly is worth pursuing. Other new intelligent transportation systems (like Diala-Ride, PlusBus, ShopMobility, etc.) that can shorten the waiting time also deserve consideration in this information era.
Future research of the travel demands among the future elderly would be expanded to: (1) trip generation rates, travel distance and so on; and (2) investigating the travel demands of the future elderly in other cities. There are many indicators used to measure the travel demands, such as trip generation rates, travel distance, mode choices, etc. This paper has only explored one dimension. Investigating the travel demands of the future elderly from other dimension is also critical. Moreover, expanding our investigation to other cities can help us to compare the differences and summarize the future development trend of the travel demands among the elderly in the entire China. Then more references can be provided for the aging society when planning urban transportation systems and making transport policies. middle-aged people in Beijing at present. Also, the influencing factors are analysed based on the discrete model.
One of the main outcomes of this paper is that younger people have higher propensities to own private cars and to make use of driving after the age of 65. This implies that the future elderly in Beijing will become more dependent on private cars and private cars will play an important role in the elderly's mobility. Such findings have been presented in previous studies [7] [8] [9] [10] [11] concerning the older Americans, the European elderly, etc. Another key finding is that in addition to parking fees, access time to bus stops, waiting time for taxis, personal characteristics are also significantly associated with both car ownership and usage of the future elderly. Among these factors, the effect of parking fees is negative and greater than access time to bus stops or waiting time for taxis. This finding was also found in reference [17] . Men have higher propensities to make use of private cars after the age of 65. This result is consistent with the findings of references [12, 25] . People with higher income are more likely to make their trips by driving or taxi. This finding was also supported by references [12, 17] . Above all, there are many common characteristics between the travel demands of the future elderly in Beijing and the revealed travel behaviours of the elderly in Western counties.
Increase in the probability of driving among the future elderly will make traffic problems, such as traffic congestion and traffic safety risk, more serious [26] . As the population is continuously aging, Beijing can learn from Western counties' experience, and improve the transport infrastructure to meet the needs of the growing numbers of the elderly drivers. Car
